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BASOPHILIC INTRANUCLEAR INCLUSIONS IN WARTS, PSORIASIS,
AND CERTAIN MALIGNANCIES*
E. MEIROWSKY, M.D., AND L. W. FREEMAN, M.D., PH.D.
One of the commonly accepted evidences of virus activity is the histological
demonstration of intranuclear acidophilic inclusions. These structures have been
described in many diseases believed to have a virus as the causative agent. Such
is not the case with intranuclear basophilic inclusions such as were described by
Lipschuetz in warts (1, 2, 3) and in psoriasis (4, 5); they have not been observed
by other investigators. Lipschuetz described these inclusions in the stratum
granulosum and corneum of warts as round or elliptical bodies which filled out
the entire nucleus or which were separated by a narrow space from the thickened
nuclear membrane. He described the changes in psoriasis as consisting of hyper-
chromia of the morbid nuclei with thickening of the nuclear membranes. Ap-
parently, the delicate chromatin structure of these nuclei is replaced by a homo-
geneous "chromophane" mass which occupies the whole nucleus or is separated
from the nuclear membrane by a clear space, although the nucleoli and cyto-
plasm remain unaltered. These changes were described as being observed in every
layer of the epidermis, with preponderance in the basal cell layer and in the
stratum Malpighi.
DeMonbreux and Goodpasture (6) concluded that the inclusions described by
Lipschuetz were abnormal products of degeneration of the nuclei secondary to
hyperplasia and hyperkeratinization. A word of caution was added by Cowdry
(7) and Cowdry and Kitchen (8) who stated that little can be said in a positive
manner of the structure of these dubious inclusions.
It is quite evident that the terms "acidophilic" and "basophilic" can have
little more than relative value, for the nucleoproteins respond to the most minute
environmental change with a shift in the staining reactions. As emphasized by
Cowdry (9), this response is exaggerated by variations in fixatives, mordants,
and other factors. Furthermore, as indicated by Howard and Schultz (10), there
may be a tendency to a shift from a basophilic reactivity to an acidophilic one
which may continue on to a complete loss of specific staining properties.
The present investigation was undertaken because of our frequent observation
of intranuclear basophilic inclusions in a wide variety of microscopic material.
It has been the practice of the present investigators to use the word "inclusion"
in a loose way to describe bodies within the nucleus which exhibit features not
characteristic of normal nuclei. Such bodies with basophilic staining properties
have been observed in warts, in psoriasis, in certain premalignant growths, and
in definitely malignant tumors. It is the purpose of the present communication
to describe these observations and to include a description of methods which
have given consistent results.
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METHODS
As indicated above, nuclear structures exhibit great variability under the in-
fluence of different fixatives. Thus, with osmium tetroxide the nucleus appears
almost homogeneous, whereas with mercuric chloride fixatives the nuclear con-
tent takes on the coarse appearance of the chromatin structure. Such variations
\vere considered carefully in the process of selection of the fixative to be used, as
well as in the interpretation of the findings. The following procedures were found
to be the most dependable:
1. Lendrum's Fhloxin-Tartrazine method (11). Tissue is fixed in one part of commercial
formalin plus nine parts of saturated aqueous mercuric chloride. Staining is then carried
out with Mayer's haemalaun for five to ten minutes. The tissue is then blued and washed.
After washing, it is placed for thirty minutes in 0.5 per cent Phloxin (C. I. 778) in water
containing 0.5 per cent calcium chloride. This step is followed by brief rinsing in water.
The tissue is then placed under microscopic observation and a saturated solution of tar-
trazine (N. S.) in ethylene glycol monoethyl ether is added from a drop bottle until either
normal nuclei are apparent or until the inclusions are clearly defined. This end point is as
distinct as that of any titration technic in chemistry, but some experience is needed for
its proper recognition.
2. Postchroming and postnsmication of formalin-fixed tissues (12). This technic closely
duplicates the results seen in Lendrum's technic but is not as consistently reliable. This
is emphasized to some extent by the statement of Owens and Bensley (13) that osmium
tetroxide technics have a degree of unreliability. However, with careful attention to de-
tails, these difficulties can be overcome. A clear demonstration of intranuclear basophilic
inclusions in all shades of gray, brown, and black can be achieved. To illustrate one type
of control observation, normal nuclei of specimens of tbe human sole and the foot-pad of
the cat do not take up osmium tetroxide unless they are over-osmicated.
The technic involves: (a) Washing of the tissue for approximately one-half hour in dis-
tilled water; (b) Separation of the tissue into small pieces and transfer to a 3 per cent aque-
ous solution of potassium bichromate for 2—3 days; (c) Transfer of tissue to a 1 per cent or
2 per cent osmium tetroxide for 1—3 weeks; (d) Washing under tap water for at least twelve
hours; and (e), in some instances, subsequent staining with Heidenhain's or Altman's
stain.
3. Hematoxylin-Eosin staining after formalin fixation. The results with this method
are quite unreliable. However, inspection of the photographic reproductions illustrates
that good preparations can be obtained.
4. Bensley's Hematoxylin-Eosin-Azur technic (14). This method may be helpful where
the regular Hematoxylin-Eosin method fails. The technic is carried out as follows: (a)
From distilled water slides are set overnight in weak Delafield's Hematoxylin (four to
eight months old) using 2 to 3 drops of stock solution in 50 cc. of distilled water; (b) The
slides are placed in distilled water all day; (c) Overnight counterstaining is then carried
out with Eosin-Azur, using 5 cc. of Eosin solution, 40 cc. of distilled water, and 5 cc. of
Azur II solution. This solution must be made up in the order given just before use. More
or less of Eosin or Azure II may be used according to the quality of the stain desired. (d)
Differentiation in 05 per cent alcohol or absolute alcohol is carried out until the nuclei are
deep blue and the collagen fibers are pink. This is done under the microscope. Some blue
is lost in the absolute alcohol so the slides should be transferred to absolute alcohol just
before differentiation is complete. Stock solutions used in this procedure are (14):
1. Delafield's Hematoxylin solution made as follows: (a) Dissolve 1 gm. Crubler's
Hematoxylin in 6 cc. absolute alcohol; (b) pour in 100 cc. saturated solution aqueous
ammonium alum (10 gm. ammonium alum in 100 cc. distilled water); (c) allow to stand
3 or 4 days in the light; (d) filter and add 25 cc. each of glycerin and methyl-alcohol;
(e) after 1 day, filter and allow to ripen for four months.
2. Eosin solution made by dissolving 0.5 gm. of Grubler's Eosin in 500 cc. of distilled
water.
C1
-r II
52 THE JOURNAL OF INVESTIGATIVE DERMATOLOGY
FIG. 1. IMMATURE BASOPUILIC TNTRANUCLEAE INCLUSIONS
(A) Squamous cell cancer of skin. Formalin-fixed, postehromed and postosmieated with-
out further staining. Enlarged 3500X. a) The lower part of the nucleus is darkly stained
by osmium tetroxide and is seen to be separated from the normal part of the nucleus by a
curved line. b) The pattern is similar but more advanced. c) The darkly stained ehromatin
is marginated along the nuclear membrane. d) Same pattern as a and b with a clear differ-
ential toward normal chromatin structure.
(B) Malignant melonoma. Formalin-fixed, Hematoxylin-Eosin. Enlarged 3500X. Here
the darkly stained marginated chromatin is arranged in a pattern of triangular, ereseentric,
and irregular formations.
(C) Squamous cell carcinoma. Formalin-fixed, Hematoxylin-Eosin. Enlarged 3500X.
The basophilie mass nearly fills the nucleus, leaving little space between it and the nuclear
membrane. Fine strands of ehromatin reach from the inclusion to the inner surface of the
membrane.
(D) Squamous cell carcinoma. Formalin-fixed, Hematoxylin-Eosin. Enlarged 3500X.
Again, the basophilic mass almost completely fills the nucleus. The nuclear membrane is
thickened.
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FIG. 2. IMMATURE BASOPIJILIC INTRANUCLEAR INCLUSIONS
(A) Plantar wart. Formalin-fixed, postchromed, postosmicated, unstained. Enlarged
3500X. The hasophilie masses appear to spread from the center of the nuclei to the periph-
ery. In b, the similarity of this cell to those illustrated in squamous cell carcinoma (Figure
1) is seen.
(B) Squamous cell carcinoma. Formalin-fixed, postchromed, postosmicated, unstained.
Enlarged 35001<. a) About two-thirds of the nucleus are darkened hy osmium tetroxide,
being collected into at least three separate masses. a1) This nucleus has the pattern de-
scribed in Figure 1.
(C) Paget's disease. Formalin-fixed, Hematoxylin-Eosin. Enlarged 35001<. The dark
blue inclusion has distinct wavy outlines and shows a striking difference with the normal
part of the nucleus.
(D) Paget's disease. Formalin-fixed, Hematoxylin-Eosin. Enlarged 35001<. The baso-
philic inclusion appears in two fragments, showing the typical pattern.
DISCUSSION
Purely histological methods Such as we have described have a definite place
in the assimilation of data on abnormal growth. Inevitably, certain standard
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FIG. 3.
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objections are raised against this type of evidence. The first of these might be
that the basophilic nuclear inclusions are an abnormal consequence of chemical
fixation. It is stated often that the living nucleus is virtually without structure,
but the mere fact that the nucleus appears to be optically homogeneous does
not mean that there is a structural homogeneity (16). That these inclusions are
not chemical artefacts is attested to by the fact that the Altmann-Gersh freezing-
drying method of fixation gives the same type of nuclear structures as are seen
with routine chemical fixatives. Furthermore, Strangeways and Candi (17) in
their dark field illumination studies of the living cell could not detect a cell wall,
a nuclear membrane, or a Golgi apparatus. They did, on the other hand, see
distinct nuclei, nucleoli, mitochondria, fat globules, granules, and pigment rods.
They believe that the best of all fixing agents is 2 per cent osmic acid, since it
produces the fewest detectable changes in the cell.
That the inclusions might be products of degeneration seems unlikely, for
they are seen with high frequency in the basal cell layer in psoriasis and in cancer.
Furthermore, budding and amitotic division are observed frequently in mature
inclusions. Such evidences of reproduction are not commensurate with concepts
of degeneration. It is more likely that these inclusions consist of altered but not
of degenerated chromatin. Since it is felt that only altered chromatin will reduce
osmic tetroxide and silver nitrate, a logical basis for the demonstration of these
inclusions appears to be established.
The contention that basophilic inclusions are products of cornification can
not be accepted as being in conformity with available evidence. The inclusions
are found in basal cells as well as in tissues like ovary, thymus, kidney, and adeno-
carcinoma which do not ordinarily form horn substances. On the other hand, the
inclusions may be subject to cornification like any cell formation of the epidermis.
Digestion experiments have shown that the inclusions of the lower layer of the
epidermis are readily digested, whereas higher layers sho\v inclusions which are
highly resistant to this treatment.
Fro. 3. MATURE BAsoemrac INTRANUcLEAR INCLUSIONS
(A) Basal cell carcinoma. Formalin-fixed, Hematoxvlin-Eosin. Enlarged 3500X. In con-
trast to more normal cells, those of the deepest layer have lost their chromatin structure.
No space is left between the basophilic inclusion and the nuclear membrane.
(B and C) Paget's disease. Formalin-fixed, Hematoxylin-Eosin. Enlarged 3500X. In B,
the basophilic inclusion is round, and it is surrounded by a smooth, thickened membrane.
In C, an irregular inclusion is surrounded by a frayed and fuzzy membrane.
(ID) Plantar wart. Formalin-fixed, postchromed, postosmicated, unstained. Enlarged
3500X. The dark inclusion shows distinctly the property of budding.
(E and F) Verruca vulgaris. Lendrum's method of fixation and staining. Enlarged 3500X.
In E the nuclei are almost filled by the hasophilic inclusions but the nucleoli are still visible.
In F, an amitotic division figure is seen.
(C) Squamous cell carcinoma. Formalin-fixed, postchromed, postosmicated, unstained.
Enlarged 3500X. The basophilic inclusion shows amitotic division.
(H) Malignant melanoma. Formalin-fixed, Hematoxylin-Eosin. Enlarged 3500X. The
structureless nucleus is heavily melanized and shows budding.
(I) Paget's disease. Formalin-fixed, Hematoxylin-Eosin. Enlarged 3500X. The structure-
less basophilic inclusion shows budding.
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Basophilic inclusions have no specificity. They have fundamentally the same
structure in warts, cancer, and psoriasis. Furthermore, they can he produced
FIG. 4. BREAKING UI' OF BASOPHILIc INTRANIJOLEAR INCLUSIONS INTO CHR0IGIDIA
AND DIvISIoN OF CHROHIDIA
A and B. Carcinoma of cervix. Formalin-fixed, iematoxylin-Eosin. Enlarged 3500x.
In A, parts of the nucleus are faintly acidophilic but the remaining bodies are basophilic.
Crescentric (1 & 2), double-crescent (3), and budding (4) formations are seen. In B, the
arrow points to a division figure.
C, D, E, and F. Paget's disease. Formalin-fixed, Hematoxylin-Eosin. Enlarged 3500.X
Various stages in the breaking up process of the basophilic inclusions into chromidia.
The chromidia in F show budding with some lying in a lymphatic vessel (arrows).
experimentally with malonyl nitrile (Hyden 15; Hyden and Hartelius 18), al-
though they disappear some hours later. The same general type of response was
observed by Lee (19) who produced acidophilic inclusions by the injection of
glucose. The findings of these investigators indicate that the duration of stimu-
lation is probably an important factor in determining the persistence of inclusions.
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Also, these findings, coupled with our observations, demonstrate that the nucleus
responds in a markedly similar fashion to both inanimate (chemical) and animate
(wart virus) stimulation. In this respect they appear to behave like intranuclear
vacuoles which can be produced by animate and inanimate stimuli (20, 21).
It was not possible to determine conclusively what role the nucleolus played
in building up basophilic intranuclear inclusions. The nucleoli in warts apparently
are unaltered in the presence of immature inclusions, but they are often atrophic
Fm. 5. BA5OPHILIC INTRANUCLEAII INCLUsIONS IN FsomAsrs VULGARIS
Fixed in formalin and corrosive mercury and stained by Lendrum's technique. En-
larged 720X. Arrows 1 point to basophilic inclusions which are immature and do not fill out
the entire nucleus. At higher powers, strands of chromatin are seen to spread from the
inclusion to the inner surface of the nuclear membrane. Arrows 2 point to mature inclusion.
Arrow 3 points to cells showing amitotic division of a mature hasophilic inclusion.
in the presence of mature inclusions. Perhaps their acidophilic tendency may
contribute to the appearance of acidophilic inclusions and to transitional stages
between acidophilic and basophilic inclusions.
There are certain fundamental characteristics that are common to both baso-
philic and acidophilic inclusions. Thus, both types have in common the shape
of the nucleus. In herpes (22), in certain visceral diseases (23), and in a filterable
virus disorder of guinea pigs (24), the acidophilic inclusions are described vari-
ously as round, ovoid, elongated, sausage-shaped, sharply outlined, or irregular
much as is the case with basophilic inclusions. Likewise, the membrane stains
deeply with basic dyes, and is variously described as fuzzy, indistinct, irregular,
or serrated much as is the appearance with basophilic inclusions. Finally, the
membranes of acidophilic inclusions may rupture and liberate their contents, as
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in yellow fever (8). This has been observed to be the case with basophilie in-
clusions.
The greatest difference between the two types of inclusions is their reaction
to the Feulgen test. The acidophilic inelusipns give a negative reaction (9) and
the basophilic inclusions give a positive reaction (15). The principal reason for
this difference is that ribose nucleic acid gives a negative Feulgen reaction,
whereas the desoxyribose nucleic acid gives a positive reaction.
It is implied that the presence of basophilic intranuclear inclusions indicates
virus activity. Cowdry (7) has listed as the characteristics of virus activity as
being: (a) The demonstration of a considerable number of inclusions or inclusion-
laden nuclei which can be arranged in a series to represent stages of develop-
ment; (b) margination of basophilic chromatin; and (c) cellular action charac-
terized by hyperplasia, hypertrophy, and necrosis. All of these criteria have been
fulfilled in warts and in carcinoma, as the illustrations in this paper indicate. As
such, it appears that still another demonstration has been added to the weight
of evidence favoring the concept of virus participation in the development of
cancer.
The demonstration of basophilic inclusions in psoriasis, as is seen in Figure 5,
serves as an interesting observation. Further work is under way to determine
the likelihood of virus activity in this common disorder.
SUMMARY
Basophilic intranuclear inclusions have been demonstrated in warts, psoriasis,
and carcinoma. They have been seen to develop in normal epithelial cells by a
process which is characterized by margination of chromatin or by a condensation
of ebromatin in the center of the nucleus. This altered chromatin reduces osmie
tetroxide and silver nitrate. The process has been followed to the spreading
stage, with the entire nucleus being finally filled out with chemically altered
chromatin, and to the stage where the nuclear membrane is ruptured with liber-
ation of the altered material.
The significance of these findings is discussed as additional evidence of the
virus etiology of these disorders.
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